Background: Volatile oil, terpenoids, mainly diterpene and polyphenolic compounds including flavonoids and phenolic acids were previously isolated from different Plectranthus species. Plectranthus amboinicus (Lour.) Spreng growing abroad was subjected to phytochemical study resulted in isolation of several flavonoids, also the plant exhibited antioxidant, diuretic, anti-inflammatory, cytotoxic and antimicrobial activities. Materials and Methods: In this study ethyl acetate fraction of Plectranthus amboinicus (Lour.) Spreng leaves growing in Egypt was fractionated and chromatographed on silica gel and sephadex to isolate its phenolic constituents. The isolated compounds were identified using UV, 1 HNMR and 13 CNMR. Total phenolics and tannins content of the leaves, stems and roots of Plectranthus amboinicus (Lour.) Spreng were determined using Folin-Ciocalteau and FolinDenis reagents, respectively. Phenolic compounds of the stems and roots were identified using UPLC-MS analysis. Leaves, stems and roots of this plant were tested for antioxidant, anti-inflammatory, analgesic, diuretic, cytotoxic and antimicrobial activities. Results: The isolated compounds were identified as 3-methoxy genkwanin, crisimaritin, p-coumaric acid, caffeic acid, taxifolin, rosmarinic acid, apigenin and 5-O-methyl-luteolin. The stems showed the highest concentration of the total polyphenolics followed by the leaves then the roots (9.6, 8.4 and 5.4 mg/g of gallic acid equivalents, respectively), while the roots recorded the highest tannins content followed by the leaves then the stems (126, 90 and 81 µg/g of tannic acid equivalents, respectively). UPLC-MS analysis revealed the presence of caffeic acid, rosmarinic acid, coumaric acid and chrysoeriol in the stems and roots, while luteolin, quercitin and eriodyctiol were detected only in the stems. The different extracts of the three organs exhibited antioxidant, anti-inflammatory, analgesic, diuretic, cytotoxic and antimicrobial activities with variable potency.
INTRODUCTION
Plectranthus is one of the oil-rich genera belonging to family Lamiaceae. [1] Diterpenoids, usually highly modified abietanoids, are the major group of secondary metabolites in this species. [2] Flavonoids, phenolic acids and phenolic acid esters had been isolated from different Plectranthus species. [2] [3] [4] [5] Several flavonoids had been isolated from Plectranthus amboinicus (Lour.) Spreng growing in South America [6] ( synonyms: Plectranthus aromaticus Roxb., Coleus aromaticus Benth. and Coleus amboinicus Lour.). [1] This plant was reported to possess variable biological activities, mainly, antioxidant, [7, 8] diuretic, [8, 9] anti-inflammatory, [10] cytotoxic [10] and antimicrobial [11] activities. No reports were found on the plant growing in Egypt, so this study was performed to investigate the phenolic content and biological activities of the Egyptian plant. The study includes isolation and identification of the major compounds of the ethyl acetate fraction of the leaves, quantitative determination of the total polyphenolics and tannins content of the leaves, stems and roots and identification of phenolic constituents in the stems and roots using high resolution UPLC-MS analysis.
The antioxidant, anti-inflammatory, analgesic, diuretic, cytotoxic and antimicrobial activities of the different extracts of the leaves, stems and roots were studied.
MATERIAL AND METHODS

General Experimental
Electro thermal 9100 was used for determination of melting point, UV spectra was determined on Beckman Du-7 and Schimadzu 265 spectrophotometers, 1 H-(300 MHz) and 13 C-(75 MHz) NMR spectra were recorded on Varian Mercury apparatus at 25°C using TMS as an internal standard and chemical shifts were given in δ values. TLC was performed on precoated silica gel plates 60 F 254 (E-Merck), using solvent systems S 1 
Extraction and Isolation
Two kilograms of the air-dried and powdered leaves of P. amboinicus were percolated with 70% ethyl alcohol till exhaustion. The hydroalcoholic extract was evaporated under reduced pressure at a temperature not exceeding 60ºC to give 190 g (9.5%) dark green residue. The residue obtained was suspended in water and partitioned with n-hexane, chloroform, ethyl acetate and n-butanol. The solvent in each case was evaporated under reduced pressure to give n-hexane (29 g, 1.45%), chloroform (11.2 g, 0.56%), ethyl acetate (8.5 g, 0.43%) and n-butanol (7 g, 0.35%) fractions.
Similarly, the air-dried and powdered stems (1 kg) and roots (200 g) of P. amboinicus were extracted with 70% ethyl alcohol to yield 75 g (7.5%) and 25 g (12.5%), respectively, then fractionated to produce n-hexane (9 g, 0.9% and 6 g, 3%), chloroform (3 g, 0.3% and 2 g, 1%), ethyl acetate (2 g, 0.2% and 3 g, 1.5%) and n-butanol (5 g, 0.5% and 4 g, 2%) fractions of stems and roots, respectively.
Ethyl acetate fraction (7.5 g) of the leaves was fractionated on sephadex LH-20 using 100% methanol as eluent. Fractions of 3 ml each were collected. The obtained fractions were subjected to TLC, similar fractions were pooled and rechromatographed on sephadex LH-20 and/or silica gel 60, which afforded eight compounds (1) (2) (3) (4) (5) (6) (7) (8) 
Quantitative Determination of the Total Polyphenolics Content
Total phenolics content of the leaves, stems and roots of Plectranthus amboinicus (Lour.) Spreng were determined by Folin-Ciocalteau reagent, using gallic acid as standard. [12] 
Quantitative Determination of the Tannins Content
Tannins content of the leaves stems and roots of Plectranthus amboinicus (Lour.) Spreng was determined by FolinDenis reagent using tannic acid as standard. [13] 
High Resolution UPLC-MS Analysis
The ethyl acetate fraction of the stems and roots of Plectranthus amboinicus (Lour.) Spreng were subjected to LC/ESI-MS, to investigate the major fingerprint ions. Chromatographic separations were performed on an Acquity UPLC system (Waters) equipped with a HSS T3 column (100 × 1.0 mm, particle size 1.8 µm; Waters) applying the following binary gradient, at a flow rate of 150 µL min . Eluted compounds were detected from m/z 100 to 1000 using a MicrOTOF-Q hybrid quadrupole time-offlight mass spectrometer (Bruker Daltonics) equipped with an Apollo II electrospray ion source in positive and negative ion modes using the following instrument settings: nebulizer gas, nitrogen, 1.6 bar; dry gas, nitrogen, 6 litres min -1 , 190 °C; capillary, -5500 V (+4000 V); end plate offset, -500 V; funnel 1 RF, 200 Vpp; funnel 2 RF, 200 Vpp; in-source CID energy, 0 V; hexapole RF, 100 Vpp; quadrupole ion energy, 5 eV; collision gas, argon; collision energy, 10 eV; collision RF 200/400 Vpp (timing 50/50); transfer time, 70 µs; prepulse storage, 5 µs; pulser frequency, 10 kHz; spectra rate, 3 Hz. Internal mass calibration of each analysis was performed by infusion of 20 µL 10 mM lithium formiate in isopropanol/water, 1/1 (v/v), at a gradient time of 18 min using a diverter valve. Identification of phenolic compounds was carried out by comparing retention times and mass spectra with those of authentic standards and/or based on accurate mass of pseudomolecular [M -H] or [M + H] ions. The major peaks observed have been tabulated in Table 1 .
Plant Extracts for Biological Study
Alcoholic extracts of the leaves, stems and roots were prepared by macerating 100 g of each organ, separately, in 70% ethyl alcohol till exhaustion. The hydroalcoholic extract in each case was evaporated under reduced pressure to obtain a semisolid residue.
Aqueous extracts were prepared by boiling 100 g of the powdered leaves, stems and roots, separately, with bidistilled water. The aqueous extracts were dried by lyophilization.
Lyophilized juice was prepared by mixing about 500 g of fresh leaves with distilled water (least amount), with the help of mixer. The fresh juice was filtered and concentrated to a dry residue using lyophilizer.
The residues of different extracts were dissolved in tween 80 in selected doses based on their respective LD 50 or dissolved in dimethyl sulphoxide at a concentration of 200 mg/ ml then 50 µl (containing 10 mg of each extract) were screened for the antimicrobial activity.
Experimental Animals
Albino mice 25-30 g body weight was used for the toxicity study and for analgesic effect.
Adult male albino rats of Sprague Dawely Strain weighing 130-150 g were used for the determination of antioxidant, anti-inflammatory and diuretic activities (according to the ethics of national research center). The rats were kept on standard laboratory diet under hygienic conditions. Water was supplied ad lib. Discs of ceftriaxon and clotrimazole: 5 µg/disc, Oxoid Chemical Co., UK
Cancer cell lines:
Toxicity Study
The LD 50 of the different extracts was estimated following Karber's procedure. [14] Antioxidant Activity
The antioxidant activity was calculated by the determination of glutathione in blood of alloxan-induced diabetic rats adopting the method of Beutler et. al., [15] using vitamin E as a positive control.
The animals were divided into 11 groups (6 animals each). One group was kept as a negative control while for the other groups, diabetes mellitus was induced according to the method described by Eliasson and Samet [16] in which a single dose of 150 mg alloxan / kg b.wt. was injected intraperitoneal in each animal followed by an overnight fasting.
A group of diabetic rats was kept non-treated, another group received daily the reference drug (Vitamin E) and the other groups received the tested samples daily in the given doses (see Table 2 ). Blood samples were taken after a week for the determination of glutathione. The results obtained were recorded in Table 2 .
Anti-inflammatory Activity
It was carried out according to the rat paw oedema method . [17] Ten groups of male albino rats were used (6 animals each). The first group received 1 ml saline orally (negative control). The second group was given indomethacin orally (positive control). The other groups received the tested samples in the dose given in Table 3 . One hour later, oedema was induced in the right hind paw by a sub planter injection of 0.1 ml of 1% carrageenan solution in saline while 0.1 ml saline was injected in the left hind paw. Three hours after the induction of inflammation, the rats were sacrificed. Both paws were excised and weighed separately using an electric balance. The mean response (increase in the paw oedema) after acute inflammation and the percentage of inhibition were calculated. The results obtained were recorded in Table 3 .
Analgesic Activity
Swiss male albino mice were divided into ten groups of six animals each. First group of the animals received 1 ml saline and served as control. Second group served as positive control received indomethacin, while the rest groups received the tested samples. All the samples were administered orally 30 minutes prior to the administration of acetic acid injection (0.2 ml of 0.6% v/v, interperitoneal). [18] Each mice was then placed in an individual clear plastic observation chamber and the total number of writhes/30 minutes was counted for each mice and the percentage protection was calculated for analgesic activity. The results are given in Table 4 .
Diuretic effect
The animals were held into metabolic cages, fasted for 18 hours prior to experiment allowing only water during the fasting period. After completion of the fasting period, the first group received 1ml saline on the day of the experiment and kept as negative control. The last group received moduretic drug as a positive control. The other groups received the tested samples, in the doses given in Table 5 .
After treatment, the urine was collected in measuring cylinder and measured at 2, 4 and 24 hours after the dose was administered. The collected urine volume of the respective test groups was compared with the standard group. The sodium and potassium concentrations were measured. [19] The results are shown in Table 6 . 
Statistical Analysis
The data obtained were statistically analyzed using the Student's t-test. [20] The data was presented as mean ± standard error.
In vitro Cytotoxic Activity against Human Cell Lines
The potential cytotoxicity agaist hepatocellular and breast carcinoma human cell lines was tested by Sulphorhodamine B assay (SRB) [21] using doxorubicin as standard and IC 50 were determined (see Table 7 ).
Antimicrobial Activity
The agar diffusion method [22] was applied using trypticase Soy agar (Difco) medium inoculated with the bacterial or fungal suspension of the test organisms.
Discs (5 mm) were impregnated with the tested samples or dimethyl sulphoxide (50 µl) as a negative control and discs of ceftriaxon and clotrimazole were used as reference standards for the antibacterial and antifungal activities, respectively. Then, the discs were placed onto the surface of the culture medium. The plates were incubated at 35-37ºC for 24-48 hours in case of bacteria and at 25ºC for 48 hours in case of filamentous fungi, while yeasts were incubated at 30ºC for 24-48 hours. After incubation, the diameters of inhibition zones were recorded in mm and the results were compiled in Tables 8 and 10 . The minimum inhibitory concentrations (µg/ml) of the different samples against the oral pathogens Lactobacillus acidophilus and Streptococcus mutans were also determined by microdilution method, [23] Table 9 .
RESULTS AND DISCUSSION
The isolated compounds (1) (2) (3) (4) (5) (6) (7) (8) were identified, based on their physical and spectral data and by comparing these data with the published one, as 5,4′-dihydroxy-3,7-dimethoxy flavone (3-methoxy genkwanin), [24, 25] 5,4′dihydroxy-6,7-dimethoxy flavone (crisimaritin), [24, 25, 26] p-coumaric acid (hydroxy cinnamic acid), [27] caffeic acid, [1] 3,5,7,3′,4′ pentahydroxy flavanone (taxifolin), [26] rosmarinic acid, [1] apigenin [26] and 5-O-methyl-luteolin. [24, 25] These compounds were isolated for the first time from the leaves of Plectranthus amboinicus (Lour.) Spreng cultivated in Egypt, while, 3-methoxy genkwanin, p-coumaric acid and 5-O-methyl-luteolin were isolated for the first time from this plant.
Quantitative Determination of Total Polyphenolics Content
The stems showed the highest concentration of total polyphenolic compounds followed by the leaves then the roots (9.6, 8.4 and 5.4 mg/g, expressed in gallic acid equivalents, respectively).
Quantitative Determination of the Tannins Content
The concentration of tannins was found highest in the roots, followed by the leaves then the stems (126, 90 and 81 µg/g of tannic acid equivalents, respectively).
Identification of Phenolic Constituents in Plectranthus Amboinicus (Lour.) Spreng Stems and Roots using High Resolution UPLC-MS Analysis
The LC-MS analysis of the ethyl acetate fractions of the stems and roots of Plectranthus amboinicus (Lour.) Spreng revealed the presence of caffeic acid, rosmarinic acid and coumaric acid in the stems and roots which were isolated from the leaves in the present study. Chrysoeriol was also detected in the two organs under investigation, while luteolin, quercitin and eriodyctiol were detected only in the stems.
Determination of Median Lethal Dose (LD 50 )
The LD 50 of the tested extracts was up to 5 g/kg b. wt. so, they could be considered safe according to Buck, e.t al. . [28] This may explain its extensive utilization in traditional medicine.
Antioxidant Activity
The reduced level of blood glutathione in diabetic rats was greatly restored by the different tested samples relative to vitamin E. The ethyl acetate fraction of the leaves showed the highest antioxidant power with potency 98.88% as compared to vitamin E. The alcoholic and aqueous extracts and the lyophilized juice of the leaves, also possess high antioxidant activity, with potency 96.64%, 95.25% and 95.25%, respectively.
Anti-inflammatory Activity
The ethyl acetate fraction and the alcoholic extract of the leaves showed the most potent anti-inflammatory activity with relative potency 88.66% and 83.37%, respectively, as compared to indomethacin. The other tested extracts showed anti-inflammatory activity with moderate potency.
Analgesic Activity
All the tested extracts exhibited analgesia at the tested doses. The alcoholic extract and the ethyl acetate fraction of the leaves showed the highest analgesic activity with potency 90.33% and 80.65%, respectively, as compared to indomethacin.
Diuretic Activity
The alcoholic extract, ethyl acetate fraction and aqueous extract of the leaves showed the highest increase in urine volume as compared to the moduretic drug after 24 hours. Concerning the serum electrolyte level most of the tested extracts showed significant decrease in serum sodium level as compared to the moduretic drug. Meanwhile, no significant effect was observed on K + level.
According to the results obtained, the ethyl acetate fraction of the leaves is the best choice as a diuretic with good electrolyte balance.
Cytotoxic Activity
All the tested samples showed high IC 50 on hepatocellular and breast carcinoma cell lines compared to doxorubicin, so they could be considered as inactive as cytotoxic drugs.
Antibacterial Activity
The results of antibacterial screening revealed that all the tested extracts, exhibited powerful antibacterial activity against Gram positive bacteria, especially the oral pathogens Streptococcus mutans and Lactobacillus acidophilus. So, the minimum inhibitory concentration (MIC) of the different extracts against these two micro-organisms was determined. The alcoholic extract of the leaves recorded the lowest MIC against Streptococcus mutans and Lactobacillus acidophilus (12.5 and 3.85 µg/ml, respectively), this may suggests the incorporation of this extract in toothpaste or mouth wash preparations.
Concerning Gram negative bacteria most of the extracts showed no or moderate activity compared to ceftriaxon except the aqueous extracts of the leaves, stems and roots which showed significant activity against E. coli.
